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(57) ABSTRACT 

In a photovoltaic cell composed of a photovoltaic element and 
a coating ?lm provided thereon, the photovoltaic element has 
an electrode portion or portions having a thickness larger than 
the average thickness of the coating ?lm, and in addition, the 
thickness of the coating ?lm Which is in contact With the 
electrode portion or portions is equal to or smaller than the 
average thickness described above. 

14 Claims, 4 Drawing Sheets 
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PHOTOVOLTAIC CELL HAVING A COATING 
FILM PROVIDED ON A PHOTOVOLTAIC 
ELEMENT AND MANUFACTURING 

METHOD THEREOF 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a photovoltaic cell Which 

has a transparent coating ?lm on a light receiving face of a 
photovoltaic element for preventing photovoltaic element 
properties from being degraded by scratches, moisture, and 
the like. 

2. Description of the Related Art 
In recent years, a greenhouse effect, that is, global Warming 

caused by increase in amount of CO2, has became a serious 
problem, and hence development of clean energy sources 
Which Will not discharge CO2 at all has been increasingly 
required. As one of the energy sources described above, for 
example, nuclear poWer generation may be mentioned; hoW 
ever, since various problems thereof, such as radioactive 
Wastes, must be solved, development of safer clean energy 
sources has been further required. 

Accordingly, among various clean energy sources Which 
are expected in the future, solar cells have draWn signi?cant 
attention because of their cleanness, highly reliable safety 
properties, and easy handling. 

At present, various solar cells have been proposed, and 
some of them have actually been used as an electrical source. 
The solar cells mentioned above are roughly categorized into 
a crystal silicon-based solar cell using single crystal or poly 
crystal silicon, an amorphous silicon-based solar cell using 
amorphous silicon, and a compound semiconductor solar 
cell. 

In general, a solar cell is used as a solar cell module in 
Which a photovoltaic element is covered With a transparent 
coating material for protection. This surface coating material 
provided at a topmost surface is composed of a glass or a 
transparent ?uorinated resin formed of a ?uorinated resin 
?lm, a ?uorinated resin paint, or the like, and a seal compo 
sition material is provided thereunder. In general, as the seal 
composition material, various transparent thermoplastic resin 
compositions are used. 

The reasons a glass substrate is used at the topmost surface 
are that a glass substrate has superior moisture resistance, 
scratch resistance, and Weather resistance and that a decrease 
in conversion e?iciency of a solar cell module Which is caused 
by decrease in transmittance due to degradation can be sup 
pressed. In particular, as for scratch resistance, a glass sub 
strate may be regarded as one of the most superior materials 
since it mechanically protects a photovoltaic element Without 
causing any damage thereto. HoWever, a glass substrate has 
several problems, such as heavy Weight, in?exibility, poor 
impact strength, and high cost, and in particular, the heavy 
Weight has serious in?uence on an installation structure of the 
solar cell module. 

In addition, due to various installation structures of solar 
cell modules and output requirements of current, voltage, and 
the like, the external form of a solar cell module is consider 
ably changed. On the other hand, in general, several types of 
external forms of photovoltaic elements have been standard 
iZed, and in accordance With the structure of a solar cell 
module, a plurality of photovoltaic elements are connected to 
each other to form a desired structure. That is, depending on 
the production schedule or the like for a solar cell module, 
photovoltaic elements may be temporarily stored or trans 
ported in some cases after being formed. 
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2 
When being stored or transported as described above, the 

photovoltaic element is not covered With a coating material, 
and hence properties of the photovoltaic element are 
degraded by moisture and/or scratches, thereby causing 
decrease in production yield. For protection of photovoltaic 
elements in a production process, as disclosed, for example, 
in Japanese Patent Laid-Open Nos. 9-36396, 9-92759, and 
10-233519, a thin ?lm resin layer used as a protection coating 
may be provided for the photovoltaic element immediately 
after the production thereof to form a photovoltaic cell. 
A typical photovoltaic element structure has a semicon 

ductor layer having a pn junction; a light receiving electrode 
made of a transparent conductive oxide provided on a light 
receiving face of the semiconductor layer; a collector elec 
trode Which is formed of a relatively thin metal for collecting 
current and Which is provided on the light receiving electrode; 
and an electrode formed of a relatively thick metal called a 
bus bar for collecting current collected by the collector elec 
trode. 
As an electrode structure of a photovoltaic element, for 

example, according to US. Pat. No. 4,260,429, an electrode 
has been proposed Which is composed of a polymer contain 
ing conductive particles and a metal Wire coated thereWith. 
According to this patent, since a metal Wire made of copper or 
the like having superior conductivity is used, electrical resis 
tance loss can be reduced even When a long collector elec 
trode is formed, and in addition, since an aspect ratio of l to 
1 can be realiZed, the shadoW loss can also be reduced. In 
addition, according to this patent, by using a conductive adhe 
sive for ?xing the Wire, bonding can be advantageously per 
formed by simple thermo-compression bonding. The inven 
tors of the present invention improved the collector electrode 
made of the metal Wire described above and proposed an 
electrode structure of a photovoltaic element as disclosed in 
Japanese Patent Laid-Open Nos. 7-321353, 9-18034, and 
10-651 92. 
One example of a method for forming the electrodes of a 

photovoltaic element Will be described With reference to 
FIGS. 5A and 5B. FIGS. 5A and 5B are schematic vieWs each 
shoWing the structure of a photovoltaic element having col 
lector electrodes using metal Wires; FIG. 5A is a schematic 
vieW of the photovoltaic element When vieWed from a light 
receiving face side; and FIG. 5B is a schematic vieW of the 
photovoltaic element When vieWed from a non-light receiving 
face side. 

In FIGS. 5A and 5B, reference numeral 501 indicates a 
photovoltaic element plate composed of a substrate and three 
layers provided thereon, the three layers being a loWer elec 
trode layer, an amorphous silicon layer responsible for a 
photovoltaic function, and an upper electrode layer. The col 
lector electrodes are to be formed on this photovoltaic ele 
ment plate 501. 

In this photovoltaic element plate 501, aluminum (Al) and 
Zinc oxide (ZnO) are formed in that order on a stainless steel 
substrate supporting the entire photovoltaic element plate 501 
by sputtering so that each has a thickness of several hundreds 
nanometers, thereby forming the loWer electrode layer. In 
addition, an n-type, an i-type, a p-type, an n-type, an i-type, 
and a p-type layer are deposited in that order from the sub 
strate side by plasma CVD to form the amorphous silicon 
layer. In addition, the upper electrode layer is formed of a 
transparent electrode ?lm, and an indium oxide thin ?lm is 
formed by depositing indium (In) in an oxygen atmosphere 
by resistance heating. 

Furthermore, in order to avoid the adverse in?uence of 
short circuiting betWeen the substrate and the transparent 
electrode ?lm on an effective light receiving area, Which short 
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circuiting occurs When the outer periphery of the photovoltaic 
element plate 501 is cut, after an etching paste containing 
FeCl3, AlCl3, or the like is applied onto the transparent elec 
trode ?lm by screen printing, followed by heating, Washing is 
performed so that parts of the transparent electrode ?lm of the 
photovoltaic element plate 501 are linearly removed, thereby 
forming etching lines 502. 

Subsequently, copper foil strips used as rear-side conduc 
tive foil bodies 503 are formed along tWo sides of the non 
light receiving face side of the photovoltaic element plate 501 
by a method disclosed in Japanese Patent Laid-Open No. 
8-13 9349. 

Next, onto tWo sides facing the rear-side conductive foil 
bodies 503 provided on the non-light receiving face of the 
photovoltaic element plate 501, insulating member 504 com 
posed of a base plate made of polyimide and acrylate adhe 
sives provided on both sides thereof are adhered. 

Next, metal Wires 505 each formed of a copper Wire coated 
With a conductive adhesive composed of a carbon paste 
beforehand are continuously formed on the photovoltaic ele 
ment plate 501 and the insulating members 504 at predeter 
mined intervals, thereby forming the collector electrodes. 

Furthermore, on the insulating members 504, conductive 
foil bodies 506 are formed Which are used as additional col 
lector electrodes for the collector electrodes described above. 
In particular, after copper foil strips are placed, the entirety is 
then ?xed by applying heat and pressure thereto under pre 
determined conditions. 
On the light receiving face of a photovoltaic element 500 

formed in accordance With the steps described above, surface 
protection coating is performed. One example in Which a 
surface protection coating ?lm is provided for the photovol 
taic element 500 Which has the collector electrodes made of 
the metal Wires Will be described With reference to FIG. 6. 
FIG. 6 is a schematic vieW shoWing a photovoltaic cell com 
posed of the photovoltaic element and a coating ?lm provided 
thereon When it is vieWed from the light receiving face side. In 
FIG. 6, reference numeral 601 indicates a surface protection 
coating ?lm Which is formed by applying a predetermined 
coating solution by spraying coating to a poWer generation 
region of the photovoltaic element, folloWed by heating for 
curing. 
By the method described above, a photovoltaic cell 600 can 

be formed. In the photovoltaic cell 600, even on the light 
receiving face of the photovoltaic element, for example, the 
coating ?lm 601 is not applied to the conductive foil bodies 
506 in order to mount back?oW prevention diodes or the like 
thereon in a subsequent step. That is, the surface protection 
coating ?lm is provided only in the poWer generation region 
of the photovoltaic element. 

Objects of the present invention Will be described With 
reference to FIG. 7. FIG. 7 is a schematic cross-sectional vieW 
of the photovoltaic cell taken along the line 7-7' in FIG. 6. 
On the light receiving face of the photovoltaic element 

described above, the insulating members 504, the conductive 
foil bodies 506, and the like are placed, and in the poWer 
generation region of the photovoltaic element, the surface 
protection coating ?lm 601 is provided. In the step described 
above, since the heights of the insulating member 504, the 
conductive foil body 506, and the like are larger than the 
average height of the surface protection coating ?lm 601, due 
to the surface tension or the like, the thickness of the surface 
protection coating ?lm (indicated by the arroW in FIG. 7) in 
the vicinity of the insulating member 504 becomes consider 
ably larger than the average thickness described above. 

In the state described above, When the surface protection 
coating ?lm 601 is dried for curing, a problem occurs in that 
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4 
internal bubbles are generated in the surface protection coat 
ing ?lm 601 in the vicinity of the insulating member 504. That 
is, since drying conditions for curing the surface protection 
coating ?lm 601 are set in consideration of the average ?lm 
thickness thereof, at a part of the surface protection coating 
?lm 601 having a larger thickness, a solvent contained therein 
cannot be removed by evaporation Within a predetermined 
drying time. Hence, it is believed that even after the curing of 
the coating ?lm has started, the solvent is still being evapo 
rated, and as a result, internal bubbles are generated in the 
surface protection coating ?lm 601. 

Since the internal bubbles described above are generated in 
the poWer generation region of the photovoltaic cell, optical 
properties are degraded, the properties of the photovoltaic cell 
are degraded, and in addition, due to the cosmetic defects, the 
yield is also reduced. 
As a method for solving the problems described above, it 

may be considered that the drying time is increased; hoWever, 
in order to prevent the generation of internal bubbles at a place 
at Which the thickness of the coating ?lm is large, the drying 
time must be several times that performed in the past, and in 
addition, the drying temperature must be precisely controlled. 
Accordingly, in the case of a photovoltaic cell having a large 
area such as 200 mm by 250 mm, the method described above 
cannot actually solve the above problem. In addition, When 
the drying time is greatly increased, yelloW discoloration of 
the coating ?lm may occur, thereby causing degradation of 
optical properties such as transmittance. 

SUMMARY OF THE INVENTION 

The present invention Was made to solve the problems 
described above, and in accordance With one aspect of the 
present invention, there is provided a photovoltaic cell com 
prising: a photovoltaic element; and a coating ?lm provided 
thereon, Wherein the photovoltaic element has an electrode 
portion having a thickness larger than the average thickness of 
the coating ?lm, and the thickness of a part of the coating ?lm 
Which is in contact With the electrode portion is equal to or 
smaller than the average thickness. 
According to the structure described above, even When the 

photovoltaic cell has an electrode portion composed, for 
example, of an insulating member and a conductive foil body, 
and having a thickness larger than the average thickness of the 
surface protection coating ?lm, since the thickness of the 
surface protection coating ?lm in the vicinity of the electrode 
portion is formed to be equal to or smaller than the average 
thickness described above, even in drying the surface protec 
tion coating ?lm for curing, internal bubbles are not generated 
in the vicinity of the electrode portion, and as a result, a 
photovoltaic cell having a superior appearance can be real 
iZed. 

That is, When a coating material is applied onto the photo 
voltaic element, by suppressing the capillary phenomenon of 
the coating material caused, for example, by metal Wires 
coated With an conductive adhesive and/ or by reducing the 
surface tension of a part of the sideWall of each electrode 
portion, such as the insulating member and the conductive foil 
body, Which is located at a position higher than the average 
thickness of the coating material, the coating thickness in the 
vicinity of each electrode portion can be reduced to a level 
equal to or smaller than the average thickness of the coating 
?lm, and hence the generation of internal bubbles can be 
suppressed. In particular, a knoWn release agent, antifoaming 
agent, or surfactant having functions, for example, of reduc 
ing the surface tension for suppressing the generation of 
internal bubbles is applied to the electrode portion, such as the 
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insulating member and the conductive foil body, or a known 
release agent or surfactant reducing the surface tension is 
placed at least at a part of the sideWall of the electrode portion 
of the photovoltaic element Which is in contact With the 
coating material. 

In the photovoltaic cell of the present invention described 
above, When the coating ?lm described above comprises a 
thermosetting coating material, and the coating material 
before curing has a viscosity in the range of from 1 to 50 
mPa~s, a superior effect can be obtained. 

In addition, When the coating ?lm of the present invention 
has an average thickness of 0.5 mm or less, a superior effect 
can be obtained. 
When the coating ?lm of the present invention described 

above comprises a coating material containing at least an 
acrylic resin, a superior effect can be obtained. 

In addition, When the electrode portion has at least an 
insulating member and a conductive foil body, a superior 
effect can be obtained. 
When the insulating member of the present invention 

described above has at least one acrylic adhesive layer, a 
superior effect can be obtained. 

In addition, the insulating member of the present invention 
described above located at a position at least higher than the 
average thickness of the coating ?lm has a loW Wettability to 
the coating material. 

According to the structure described above, the surface 
tension of the insulating member in contact With the coating 
material can be reduced, the coating thickness in the vicinity 
of the electrode portion can be reduced to a level equal to or 
smaller than the average thickness, and as a result, the gen 
eration of internal bubbles in the coating ?lm can be sup 
pressed. In particular, for example, release treatment may be 
performed for the insulating member of the photovoltaic ele 
ment. 

In addition, in accordance With another aspect of the 
present invention, there is provided a method for manufac 
turing a photovoltaic cell having a photovoltaic element and a 
coating ?lm provided thereon. The method described above 
comprises: a step of forming a coating ?lm on a light receiv 
ing face of the photovoltaic element by application; and a step 
of heating the coating ?lm for curing While a part thereof in 
contact With an electrode portion of the photovoltaic element 
is being maintained equal to or smaller than the average 
thickness of the coating ?lm. 

According to the method described above, internal bubbles 
are not generated in the vicinity of the electrode portion, and 
as a result, a photovoltaic cell having a superior appearance 
can be realiZed. 

Further objects, features and advantages of the present 
invention Will become apparent from the folloWing descrip 
tion of the preferred embodiments With reference to the 
attached draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A and 1B are schematic vieWs for illustrating a 
photovoltaic cell of example 1 according to the present inven 
tion. 

FIG. 2 is a schematic cross-sectional vieW for illustrating 
an insulating member of example 1 according to the present 
invention. 

FIG. 3 is a schematic vieW shoWing a roll of insulating 
material of example 1 according to the present invention. 

FIG. 4 is a schematic cross-sectional vieW for illustrating 
an insulating member of example 2 according to the present 
invention. 
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6 
FIGS. 5A and 5B are schematic vieWs for illustrating a 

related photovoltaic element. 
FIG. 6 is a schematic vieW for illustrating a related photo 

voltaic cell. 
FIG. 7 is a schematic cross-sectional vieW for illustrating 

an electrode portion of a related photovoltaic cell. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Hereinafter, embodiments of the present invention Will be 
described With reference to draWings. 

FIGS. 1A, 1B, and 2 are schematic vieWs for illustrating an 
example of a photovoltaic cell according to the present inven 
tion; FIG. 1A is a schematic vieW of a photovoltaic cell having 
collector electrodes formed of metal Wires When it is vieWed 
from a light receiving face side, and FIG. 1B is a schematic 
cross-sectional vieW of the photovoltaic cell taken along the 
line 1B-1B' in FIG. 1A. 

In FIGS. 1A and 1B, reference numeral 101 indicates a 
plate forming a photovoltaic element, Which is composed of a 
substrate and three layers provided thereon, the three layers 
being a loWer electrode layer, a semiconductor layer respon 
sible for a photovoltaic function, and an upper electrode layer, 
and this plate Will be referred to as a “photovoltaic element 
plate”. The collector electrodes are to be formed on this 
photovoltaic element plate. 

For forming a photovoltaic cell 100, in order to avoid the 
adverse in?uence of short circuiting betWeen the substrate 
and the upper electrode layer (Which is formed of a transpar 
ent electrode ?lm) on an effective light receiving area, Which 
short circuiting occurs When the outer periphery of the pho 
tovoltaic element plate 101 is cut, ?rst of all, parts of the 
transparent electrode ?lm of the photovoltaic element plate 
101 are linearly removed, thereby forming etching lines (not 
shoWn). 

Subsequently, along tWo sides of a non-light receiving face 
of the photovoltaic element plate 101, copper foil strips used 
as rear-side conductive foil bodies 103 are formed. 

Next, insulating members 104 are adhered to tWo sides 
Which face the rear-side conductive foil bodies 103 provided 
at the end portions of the non-light receiving face. A part of 
each of the insulating members 104, Which is to be located at 
a position at least higher than the average thickness of a 
coating ?lm Which Will be described later, is processed by 
release treatment. Due to the surface tension of a sideWall of 
the insulating member 1 04 obtained by this release treatment, 
a coating material forming the coating ?lm in the vicinity of 
the insulating member 104 Will not ascend along the sideWall 
described above and in addition is repelled therefrom, and as 
a result, the thickness of the coating material is reduced. 

Besides the method described above, a method is also 
preferably performed in Which after the insulating members 
104 are adhered to the photovoltaic element plate 101, a 
silicone release agent is applied. When a silicone release 
agent is applied after the insulating member 104 are adhered 
to the photovoltaic element plate 101, the silicone release 
agent may be mixed With a surface protection coating ?lm 
107 in the vicinity of the insulating member 104, folloWed by 
curing. 

Next, collector electrodes 105 are each formed continu 
ously on the photovoltaic element plate 101 and the insulating 
members 104. In addition, conductive foil bodies 106, each of 
Which serves as an additional collector electrode for the col 
lector electrodes 105, are formed on the insulating members 
104, thereby forming a photovoltaic element. 
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Next, surface protection coating is performed on the light 
receiving face of the photovoltaic element. Reference 
numeral 107 indicates a surface protection coating ?lm, and 
at least a poWer generation region of the photovoltaic element 
is covered thereWith. 
When a surface protection coating material is applied, by 

the release treatment processed for the insulating member 
104, the coating material in the vicinity of the insulating 
member 104 is repelled, and as a result, the thickness of the 
surface protection coating ?lm (indicated by the arroW in FIG. 
1B) in the vicinity of the insulating member 104 is reduced. 
The coating material thus applied is then cured, thereby form 
ing the photovoltaic cell 100. 
By the structure and the method described above, Without 

generating any internal bubbles in the vicinity of the electrode 
portion, the surface protection coating can be performed for 
the photovoltaic element. 

The photovoltaic element described in the present inven 
tion is preferably applied to an amorphous silicon photovol 
taic element used for photoelectric sensors, photodiodes, 
solar cells, and the like. In addition to the amorphous silicon 
photovoltaic element, the structure equivalent to that 
described above may also be applied to photovoltaic elements 
using semiconductors made of single crystal silicon, poly 
crystal silicon, and materials other than silicon, such as a 
compound semiconductor and a Schottky junction semicon 
ductor. 

Hereinafter, members forming the photovoltaic cell 100 
according to the embodiment of the present invention Will be 
described in detail. 

(Substrate) 
When a thin photovoltaic element is formed, for example, 

of SOI single crystal silicon or amorphous silicon, the sub 
strate forming the photovoltaic element plate 101 is used as a 
member for mechanically supporting a semiconductor layer 
and may also be used as an electrode in some cases. For 
example, When a semiconductor layer, such as a silicon Wafer 
having a thickness of 200 pm or more, has a suf?cient 
mechanical strength, the substrate is not particularly required. 
Depending on the type of photovoltaic element, the substrate 
may be required in some cases to have heat resistance against 
a heating temperature in forming a semiconductor layer, and 
for the substrate, both electrical conductive and insulating 
materials may be used. 
As the electrical conductive materials, for example, there 

may be mentioned a metal, such as Fe, Ni, Cr, Al, Mo, Au, Nb, 
Ta, V, Ti, Pt, or Pb; an alloy thereof such as a thin plate made 
of brass or stainless steel; and a composite thereof. 

In addition, as the electrical insulating materials, for 
example, there may be mentioned synthetic resins, such as 
polyester, polyethylene, polycarbonate, cellulose acetate, 
polypropylene, polyvinyl chloride, polyvinylidene chloride, 
polystyrene, polyamide, polyimide, and epoxy resins; com 
posites thereof in combination With glass ?ber, carbon ?ber, 
boron ?ber, metal ?ber, and the like; and materials such as 
glass and ceramic. 

(LoWer Electrode Layer) 
The loWer electrode layer is one of the electrodes for col 

lecting electrical poWer generated in the semiconductor layer 
and is required to have ohmic contact With the semiconductor 
layer and the like. As materials for the loWer electrode layer, 
for example, there may be mentioned pure metals and alloys, 
such asAl,Ag, Pt, Au, Ni, Ti, Mo, Fe,V, Cr, Cu, stainless steel, 
brass, Nichrome, SnO2, In2O3, ZnO, ITO (indium tin oxide), 
and transparent conductive oxide (TCO); and conductive 
pastes containing the conductive materials described above. 
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8 
In addition, for example, When the loWer electrode layer is 
provided on the non-light receiving face of the semiconductor 
layer, texture treatment may be performed for the surface of 
the loWer electrode layer Which is in contact With the semi 
conductor layer so as to cause diffuse re?ection. 
As a method for forming the loWer electrode layer, for 

example, a knoWn method such as plating, deposition, sput 
tering, or silk screen printing may be used. In addition, When 
the substrate is made of a conductive material, the loWer 
electrode may not be provided in some cases. 

(Semiconductor Layer) 
For the semiconductor layer, knoWn semiconductor mate 

rials Which have been used for general photovoltaic elements 
may be used. As a semiconductor material for the photovol 
taic element according to the present invention, Group IV 
semiconductor materials, such as crystal silicon, polycrystal 
silicon, thin ?lm single crystal silicon, thin ?lm polycrystal 
silicon, and amorphous silicon; Group II-VI semiconductor 
materials, such as CdS and CdTe; and Group III-V semicon 
ductor materials such as GaAs may be preferably used. In 
addition, besides single cells, tandem cells and triple cells, 
Which are each composed of a plurality of pin junctions or pn 
junctions laminated to each other, are also preferably used. 
Furthermore, Schottky type semiconductors and organic 
semiconductors such as a dye-sensitized semiconductor may 
also be used. As a method for forming the semiconductor 
layer described above, in the case of an amorphous silicon 
semiconductor, the semiconductor layer may be formed by 
introducing a starting gas material such as a silane gas form 
ing a thin ?lm into a plasma CVD furnace Which generates 
plasma discharge. In addition, in the case of a single crystal 
silicon semiconductor, the semiconductor layer may be pre 
pared by forming a single crystal silicon ingot from molten 
silicon, for example, using a CZ method, folloWed by slicing 
the ingot into a Wafer having a desired thickness. In addition, 
in the case of a GaAs compound semiconductor, the semi 
conductor layer may be formed, for example, by an electron 
beam deposition method, a sputtering method, or an electro 
crystalliZation method. Furthermore, in the case of a dye 
sensitiZed semiconductor, the semiconductor layer may be 
formed by supplying an electrolytic solution betWeen a 
counter (upper) electrode and a (loWer) electrode, Which are 
each composed of an oxide semiconductor and a dye 
adsorbed thereon. 

(Upper Electrode Layer) 
The upper electrode layer is an electrode for collecting an 

electromotive force generated in the semiconductor layer and 
Works together With the loWer electrode layer. The upper 
electrode layer is necessary When a semiconductor having a 
high sheet resistance, such as an amorphous silicon semicon 
ductor, is used, and When a semiconductor having a loW sheet 
resistance, such as crystal semiconductor, is used, the upper 
electrode layer may not be particularly required in some 
cases. In addition, since being located at a light entering side, 
the upper electrode layer must be transparent and is called a 
transparent electrode in some cases. The upper electrode 
layer preferably has a transmittance of 85% or more in order 
to ef?ciently absorb light emitted from the sun, White ?uo 
rescent lamps, or the like into the semiconductor layer, and in 
addition, in electrical point of vieW, the sheet resistance of the 
upper electrode layer is preferably 3009 per square or less so 
that a current generated by light ?oWs in the lateral direction 
With respect to the semiconductor layer. As a material having 
the properties described above, for example, metal oxides 
such as SnO2, In2O3, ZnO, CdO, CdSnO4, and ITO (In2O3+ 
SnO2) may be mentioned. 
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(Etching Line) 
The etching lines are lines formed by linearly removing 

parts of the upper electrode layer, and an object of the etching 
lines is to avoid the adverse in?uence of short circuiting on the 
effective light receiving face, the short circuiting being gen 
erated betWeen the substrate and the transparent electrode 
?lm (upper electrode layer) in cutting the outer periphery of 
the photovoltaic element. 
As a method for forming the etching lines, for example, 

there may be mentioned a method in Which an etching paste 
containing FeCl3 or AlCl3 is applied, for example, by silk 
screen printing, folloWed by heating; a method in Which elec 
trolysis treatment is performed in an electrolytic solution; and 
a method in Which laser irradiation or the like is performed. 

(Rear-Side Conductive Foil Body) 
The rear-side conductive foil bodies 103 are additional 

electrodes for the loWer electrode layer and Work together 
With the collector electrodes 105 and the conductive foil 
bodies 106. For the rear-side conductive foil body 103, for 
example, a metal material having a loW resistance, such as Al, 
Ag, Pt, Au, Ni, or Cu, is preferably used. When the photovol 
taic element has no substrate or has an insulating substrate, 
the rear-side conductive foil body can be electrically con 
nected to the loWer electrode layer, for example, With a knoWn 
conductive adhesive such as an Ag paste or a carbon paste, 
and When the photovoltaic element has a conductive sub 
strate, the rear-side conductive foil body can be connected to 
the substrate optionally using a knoWn connecting method 
such as soldering, braZing, spot Welding, laser Welding, or 
adhesion using a conductive adhesive. 

(Insulating Member) 
The insulating members 104 are each required to have 

insulating properties for electrically isolating a ?rst electrode 
side of the photovoltaic element or a region in Which perfor 
mance is not assured from the conductive foil body 106 at a 
second electrode side, and in addition, Whenever necessary, 
the insulating member 104 is required to mechanically sup 
port at least the conductive foil body 106. As the structure of 
the insulating member, an adhesive may be provided on tWo 
surfaces of an insulating base plate, and a so-called double 
sided adhesive tape may be used. In addition, the base plate 
and the adhesive may be repeatedly laminated to each other, 
and in this case, plural types of base plates and/or plural types 
of adhesives may be used. Furthermore, by performing 
release treatment for at least a part of the insulating member, 
the surface tension of a part thereof Which is to be brought into 
contact With the coating material is reduced, the thickness of 
the surface protection coating ?lm in the vicinity of the elec 
trode portion of the photovoltaic element is reduced to the 
average thickness thereof or less, and as a result, the genera 
tion of bubbles inside the coating ?lm can be suppressed. The 
same advantages can be naturally obtained When a material 
having a loW Wettability to the coating material is used to form 
at least a part of the insulating member. 

(Base Plate) 
The base plate of the insulating member 104 is required to 

have insulating properties for reliably insulating betWeen the 
electrodes of the photovoltaic element described above, and a 
knoWn insulating polymer ?lm may be preferably used. In 
addition, the base plate preferably has heat resistance against 
heating for curing a paste, soldering, resistance Welding, laser 
Welding, and the like, Which are performed When the collector 
electrodes 105 are connected to the conductive foil bodies 
106 or When components such as bypass diodes are mounted 
Which are to be connected to the conductive foil bodies 106. 
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10 
As constituents of the base plate, for example, there may be 
mentioned cellophanes, rayons, acetates, polyethylenes, 
polyethylene terephthalates, polyether ketones, ?uorinated 
resins, polysulfones, unsaturated polyesters, epoxy resins, 
polyamides, polyimides, polyamide imides, and polyimide 
silicon resins. Among those constituents mentioned above, 
polyimides and polyethylene terephthalates are particularly 
preferable in terms of adhesion properties, loW coe?icient of 
thermal expansion, and strengths. The polymer ?lm prefer 
ably has a melting point of at least 2500 C. 

(Adhesive) 
As the adhesive provided for the base plate of the insulating 

member 104, for example, there may be mentioned acrylic, 
rubber, silicone, polyvinyl ether, epoxy, polyurethane, polya 
mide, inorganic, and composite adhesives. Among the adhe 
sives mentioned above, a material may be preferably used 
Which has superior adhesiveness, tack property, retentive 
ness, electric strength, moisture resistance, heat resistance, 
and the like. Among those mentioned above, an acrylic adhe 
sive is particularly preferable since it is less expensive and has 
superior adhesiveness and retentiveness. Among various 
acrylic adhesives, for example, an adhesive using a polymeric 
acrylic resin has been recently developed Which has a Weight 
average molecular Weight of 5,000 to 500,000 in terms of the 
equivalent polystyrene molecular Weight, and in addition, the 
heat resistance has also been improved. As a method for 
applying an adhesive, for example, a method for applying an 
adhesive having a predetermined Width With an applicator or 
the like may be mentioned. In accordance With types of adhe 
sives, treatment such as drying, heating, pressure application, 
or light irradiation may be performed. 

(Release Treatment) 
The release treatment is required to reduce the surface 

tension of a part of the insulating member 104 or the like 
forming the electrode portion, Which is to be brought into 
contact With the coating material, for reducing the thickness 
of the surface protection coating ?lm in the vicinity of the 
electrode portion to the average thickness or less and for 
suppressing the generation of bubbles inside the coating ?lm. 
For this release treatment, knoWn release agents, antifoaming 
agents, Water repellent agents, surfactants, and the like may 
be preferably used. 
As materials for the release agents, for example, natural 

fats and oils, synthetic oils, silicone oils, modi?ed silicone 
oils, and ?uorinated materials may be used; as materials for 
the antifoaming agents, for example, acrylic materials, vinyl 
materials, silicone oils, fatty acid esters, phosphoric esters, 
and natural fats and oils may be used; and as materials for the 
Water repellent agents, for example, silicone oils, ?uorinated 
materials, and silane materials may be used. As the surfac 
tants, for example, there may be mentioned ionic surfactants, 
such as anionic surfactants, cationic surfactants, and ampho 
teric surfactants, Which are ioniZed When being dissolved in a 
solvent, and nonionic surfactants Which are not ioniZed. 
Although depending on types of agents, the release agents 
described above may also be diluted With solvents such as 
toluene, xylene, industrial gasoline, isopropyl alcohol, and 
Water and may be used in the form of solution. In particular, 
in order to obtain an effect of reducing the thickness of the 
surface protection coating ?lm and to prevent the material 
used for the release treatment from adhering to areas other 
than desired areas by diffusion, transfer, or the like, a mixed 
solution containing the release agent at a concentration of 0.1 
to 30 percent by Weight is preferably used. 
As a coating method of the release agents described above, 

a knoWn coating method, such as spray coating, dip coating, 
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How coating, or electrodeposition coating is preferably used, 
and for example, coating for release treatment may be per 
formed on the side surface of an insulating material in the 
form of a roll Which has a predetermined Width obtained by 
slitting. In addition, the release agent described above may be 
incorporated into the adhesive of the insulating member. As 
the method mentioned above, an adhesive mixed With a 
release agent beforehand may be used for at least one adhe 
sive layer of the insulating member, or after the insulating 
member is formed, a release agent may be added to an adhe 
sive by applying a solution containing the release agent dis 
solved in a solvent, folloWed by drying. 

(Collector Electrode) 
The collector electrodes 105 are electrodes for collecting 

the electrical poWer generated in the semiconductor layer 
Without electrical loss through the upper electrode layer. The 
collector electrodes are each preferably formed of a material 
having a loW resistance to reduce the electrical loss and are 
preferably arranged in a lattice pattern or a comb pattern. As 
a material for an electrode having the properties described 
above, for example, there may be mentioned a metal material 
such as Al, Ag, Pt, Au, Ni, or Cu; a conductive paste contain 
ing particles of the metal mentioned above dispersed in a 
resin; a conductive carbon paste; or the composite thereof. 
As a method for forming the collector electrodes, for 

example, there may be mentioned a method in Which a con 
ductive paste containing metal particles dispersed in a resin or 
a conductive carbon paste is applied by silk screen printing or 
the like, folloWed by heating, or a method in Which the paste 
mentioned above is applied to a metal material and is then 
processed by hot contact bonding using a hot contact bonding 
tool. 

(Conductive Foil Body) 
The conductive foil bodies 106 are additional collector 

electrodes for the collector electrodes 105 and serve to carry 
the electrical poWer generated in the semiconductor layer 
outside the photovoltaic element. For the conductive foil 
body, for example, a metal material having a loW resistance, 
such as Al, Ag, Pt, Au, Ni, or Cu, is preferably used. 

In addition, at least a part of the conductive foil body, such 
as a sideWall thereof, may be processed by release treatment. 
As the release treatment, application of the release agents 
Which has been described for the insulating member is pref 
erably used. 
As a method for electrically connecting the collector elec 

trodes to the conductive foil bodies, for example, a method in 
Which connection is performed using a knoWn commercially 
available conductive paste or the conductive paste used for the 
collector electrodes, or a method in Which connection is per 
formed by soldering, braZing, or the like may be optionally 
performed. 

(Photovoltaic Cell) 
A photovoltaic element in Which at least a part of the light 

receiving face is covered With the surface protection coating 
?lm described beloW is called a photovoltaic cell. 

(Surface Protection Coating Film) 
The surface protection coating ?lm 107 is required to have 

high scratch resistance for preventing the photovoltaic ele 
ment from being scratched, high moisture resistance for pre 
venting in?ltration of moisture, loW moisture permeability, 
and transparency. The moisture permeability is preferably 
less than 20 g/m2~day at 400 C. and 90% RH. In addition, in 
order to suppress the decrease in amount of light incident on 
the photovoltaic element, the transmittance of the surface 
protection coating ?lm is preferably 80% or more in a visible 
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Wavelength region of 400 to 800 nm. In addition, in order to 
enable light to easily enter the photovoltaic element from the 
exterior environment, the refractive index is preferably 1.1 to 
2.0, and more preferably 1.1 to 1.6. As a particular material, a 
resin primarily composed of an acrylic, a silicone, or a ?u 
orinated resin is generally used. As a method for curing the 
resin, a moisture curing type, a tWo-component type such as 
isocyanate curing, and a one-component type using a block 
ing isocyanate may be mentioned. When a tWo-component 
type paint is used, mixing of a resin With a curing agent must 
be performed just before application, and as a result, a 
machine therefore also becomes complicated. Accordingly, 
as a more preferable material for this coating ?lm, a one 
component paint containing a resin Which is to be cured With 
a blocking isocyanate by heating may be used. As the resin, an 
acrylic resin mixed With an inorganic polymer may be used. 
The dissociation temperature of a blocking agent is prefer 
ably in the range of from 80 to 2200 C. When the temperature 
is less than 800 C., a pot life of the resin itself decreases. When 
the temperature is more than 2200 C., heating performed for 
dissociation may thermally degrade the acrylic resin itself to 
cause yelloW discoloration or may adversely in?uence the 
performance of the photovoltaic element in some cases. Since 
the blocking agent after dissociation partly remains in the 
coating ?lm, a material should be selected Which may not 
cause discoloration by reaction With the coating ?lm compo 
sition. In addition, in order to obtain adhesiveness, silane, 
titanium, or aluminum coupling agents in an amount of 0.05 
to 10 percent by Weight With respect to the resin component 
may be used. A silane coupling agent in an amount of 0.05 to 
8.0 percent by Weight is preferably used. 
As a coating method, a coating material is dissolved in a 

solvent, such as xylene, methyl isobutyl ketone, toluene, or 
methyl ethyl ketone, to form a mixture having a viscosity in 
the range of from 1 to 50 mPa~s, and more preferably in the 
range of from 10 to 30 mPa~s; the mixture thus obtained is 
applied onto the photovoltaic element by spray coating, spin 
coating, or curtain coating, folloWed by drying to remove the 
solvent; and the coating material is then cured by heating. By 
the coating using the mixture described above, the coating 
material can be supplied in gaps betWeen the collector elec 
trodes formed on the photovoltaic element plate 101, and as a 
result, the gaps can be ?lled. 

Furthermore, as the average thickness of the coating ?lm, a 
thickness of 0.5 mm or less is preferable in order not to 
degrade the transmittance. In general, When being small as 
described above, the thickness of the ?lm considerably varies 
from place to place, and depending on temperature conditions 
for drying and curing or the like, internal bubbles may be 
disadvantageously generated. HoWever, according to the 
present invention, a superior effect can be obtained. 

EXAMPLES 

Hereinafter, With reference to examples, the present inven 
tion Will be described in detail. HoWever, the examples 
described beloW are representative cases of the present inven 
tion, and hence the present invention is not limited thereto. 

Example 1 

FIGS. 1A to 3 are schematic vieWs for illustrating a pho 
tovoltaic element according to example 1 of the present 
invention; FIG. 1A is a schematic vieW of a photovoltaic cell 
having collector electrodes made of metal Wires When it is 
vieWed from a light receiving face side; FIG. 1B is a sche 
matic cross-sectional vieW of the photovoltaic cell taken 
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along the line 1B-1B' in FIG. 1A; FIG. 2 is an enlarged, 
schematic cross-sectional vieW of an insulating member 
forming an electrode portion of a photovoltaic cell; and FIG. 
3 is a schematic vieW shoWing a long insulating material 
having a narroW Width in the form of a roll obtained by 
slitting. 

In FIGS. 1A and 1B, reference numeral 101 indicates a 
photovoltaic element plate having a siZe of 200 mm by 250 
mm, containing three layers, that is, a loWer electrode layer, 
an amorphous silicon layer responsible for a photovoltaic 
function, and an upper electrode layer. 

The photovoltaic element plate 101 Was composed of a 
stainless steel substrate 150 um thick supporting the entire 
photovoltaic element plate and Al and ZnO layers provided 
thereon in that order by deposition, the Al and ZnO layers 
each having a thickness of approximately several hundred 
nanometers and collectively forming the loWer electrode 
layer. In addition, the amorphous silicon layer Was formed by 
depositing an n-type, an i-type, a p-type, an n-type, an i-type, 
and a p-type layer in that order from the substrate side using 
a plasma CVD method, and the thicknesses thereof Were 
approximately 15, 400, l0, 10, 80, and 10 nm, respectively. 
The upper electrode layer Was a transparent electrode ?lm and 
Was formed by depositing In (indium) in an oxygen atmo 
sphere using a resistance heating method, thereby obtaining 
an indium oxide thin ?lm having a thickness of approximately 
70 nm. 

Furthermore, since short circuiting might occur betWeen 
the substrate and the transparent electrode ?lm When the outer 
periphery of the photovoltaic element plate 101 Was cut, in 
order to avoid adverse in?uences of the short circuiting on an 
effective light receiving region, after an etching paste con 
taining FeCl3, AlCl3, or the like Was applied onto the trans 
parent electrode ?lm by a screen printing method, folloWed 
by heating, Washing Was performed so that parts of the trans 
parent electrode ?lm of the photovoltaic element plate 101 
Were linearly removed, thereby forming etching lines (not 
shoWn). 

Subsequently, along tWo sides of a non-light receiving face 
of the photovoltaic element plate 101, copper strips 5 mm 
Wide, 200 mm long, and 100 pm thick used as rear-side 
conductive foil bodies 103 Were formed. 

Next, to tWo sides facing the rear-side conductive foil bod 
ies 103 provided along the tWo sides of the non-light receiving 
face of the photovoltaic element plate 101, the insulating 
members 104 Were adhered. As shoWn in FIG. 2, the insulat 
ing member 104 Was a tape having a total thickness of 150 um 
composed a polyimide 211 having a thickness of 50 um and 
acrylic resin agents 210 and 212 provided on the tWo sides of 
the polyimide 211 and each having a thickness of 50 pm. In 
addition, the insulating member 104 Was coated With a sili 
cone release agent 213 at a sideWall thereof With Which a 
surface protection coating ?lm is brought into contact. 
As a method for applying the silicone release agent 213, as 

shoWn in FIG. 3, a mixture containing 95 percent by Weight of 
toluene and 5 percent by Weight of a silicone release agent 
Was prepared beforehand and Was then uniformly applied 
onto one side of a roll of insulating material having a Width of 
8 mm and a length of 200 m, folloWed by drying in an oven at 
a temperature of 1000 C. for 30 minutes. The insulating mate 
rial provided With the release agent described above Was cut 
into pieces 200 mm long, and the insulating material having a 
length of 200 mm thus formed Was adhered to the photovol 
taic element plate 101 so that the side surface provided With 
the release agent Was located at the side Which is brought into 
contact With the surface protection coating ?lm, thereby 
forming the insulating member 104. 
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14 
Next, metal Wires 105 each coated With a conductive adhe 

sive, Which Were formed by applying a conductive adhesive 
made of a carbon paste onto copper Wires 100 um in diameter, 
Were continuously formed on the photovoltaic element plate 
101 and the insulating members 104 at intervals of 20 mm, 
thereby forming the collector electrodes. 

Furthermore, on each insulating member 104, the conduc 
tive foil body 106 functioning as an additional collector elec 
trode for the collector electrodes Was formed. In particular, 
copper strips 5 mm Wide, 190 mm long, and 100 pm thick for 
forming the conductive foil bodies 106 Were placed at prede 
termined positions, and the entire photovoltaic element Was 
then ?xed by applying heat and pressure at 2000 C. and 0.098 
Mpa for 120 seconds, thereby forming the photovoltaic ele 
ment. 

Next, surface protection coating Was performed on the 
light receiving face of the photovoltaic element. Reference 
numeral 107 indicates a surface protection coating ?lm. A 
coating solution Was prepared by adding a mixed solvent of 
50 percent by Weight of xylene and 50 percent by Weight of 
methyl isobutyl ketone to a resin component containing 52 
percent by Weight of an acrylic resin made of 2-hydroxyethyl 
methacrylate, 30 percent by Weight of hexamethylene diiso 
cyanate using e-caprolactam as a blocking agent, 13 percent 
by Weight of organosiloxane, and 5 percent by Weight of 
y-glycidoxypropyltrimethoxysilane so that the resin compo 
nent Was 35 percent by Weight, and subsequently, spray coat 
ing Was performed onto a poWer generation region of the 
photovoltaic element so as to obtain a coating ?lm having a 
thickness of 25 um after curing. 
When a surface protection coating material Was applied, 

due to the surface tension of the sidewall of the insulating 
member 104 obtained by the presence of the release agent 
applied to the insulating member, the coating material in the 
vicinity of the insulating member 104 did not ascend along 
the sideWall described above and Was repelled therefrom by 
the presence of the release agent, and as a result, the thickness 
of coating ?lm in the vicinity of the insulating member 104 
Was reduced. A photovoltaic element coated With a coating 
material as described above Was dried at room temperature 
for 15 minutes, folloWed by heating for curing at 2000 C. for 
10 minutes, thereby forming the photovoltaic cell 100. 
By the structure and the method described above, the sur 

face protection coating could be performed for the photovol 
taic element Without generating any internal bubbles even in 
the vicinity of the electrode portion. In particular, for 
example, When the primary component of the surface protec 
tion coating ?lm is an acrylic resin and the adhesive of the 
insulating member is the same type as the above resin, such as 
an acrylic adhesive, since the coating material and the mate 
rial of the electrode portion are Well compatible With each 
other and have good a?inity therebetWeen, the coating mate 
rial is liable to be draWn to the electrode portion side, the 
thickness of the coating ?lm tends to increase, and as a result, 
the internal bubbles may be easily generated in the vicinity of 
the electrode portion. HoWever, in the photovoltaic cell hav 
ing the structure described above, since the release treatment 
is performed as described in this example, a photovoltaic cell 
having good appearance and no internal bubbles can be pro 
vided. 

Example 2 

FIG. 4 is an enlarged, schematic cross-sectional vieW of an 
insulating member forming an electrode portion of a photo 
voltaic element according to example 2 of the present inven 
tion. A photovoltaic cell of example 2 had the same structure 
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and Was formed by the same method as that described in 
example 1 except that the structure of the insulating member 
Was changed. 

The photovoltaic element of example 2 had the same struc 
ture as that in example 1 , and in order to obtain heat resistance 
and cushioning property, the insulating member Was a tape 
having a total thickness of 175 um composed of a base plate, 
Which Was formed of a per?uoroalkoxy (PFA) ?lm 415 hav 
ing a thickness of 25 um and a polyethylene terephthalate 
(PET) ?lm 417 having a thickness of 25 um bonded thereto 
With an acrylic adhesive 416 having a thickness of 25 um, and 
acrylic adhesives 414 and 418 each having a thickness of 50 
um and being provided on the tWo sides of the base plate. The 
tWo surfaces of the per?uoroalkoxy ?lm 415 to Which the 
adhesives Were to be adhered Were processed by treatment for 
easy adhesion. In order to form the insulating member 
described above, for example, a roll having a Wide Width of 
500 mm and a length of 200 m Was slit into a tape having a 
Width of 8 mm and a length of 200 m in the form of roll, and 
the insulating members are formed by cutting the tape 
described above into pieces having a rectangular shape. 
By using the insulating member having the structure 

described above, When a surface protection coating material 
Was applied, since the sideWall surface of the insulating mem 
ber Was partly composed of the per?uoroalkoxy ?lm 415, the 
sideWall surface being a surface obtained by slitting, the 
coating material in the vicinity of the insulating member Was 
repelled, the thickness of the coating material in the vicinity 
of the insulating member could be reduced, and as a result, the 
generation of internal bubbles could be prevented When the 
coating material Was cured. 

In this example, a part of the base plate located at a position 
at least higher than the average thickness of the coating ?lm is 
formed of the per?uoroalkoxy ?lm 415 so as to obtain a 
release function; hoWever, in addition to the plastic ?lm of the 
base plate, for example, the adhesive agents 414 and 416 may 
also have a release function. That is, even When the adhesive 
416 of the insulating member is an adhesive formed of an 
acrylic adhesive mixed With 5 percent by Weight of a silicone 
release agent primarily including dimethyl silicone, the same 
effect as described above can be obtained. In addition, When 
the adhesive 414 is mixed With a release agent, the adhesion 
strength may decrease in some cases. HoWever, When the 
amount of the release agent mixed With the adhesive 414 is 
precisely controlled, an adhesive formed of the adhesive 414 
and a release agent mixed thereWith may be used. As 
described above, When a release agent is mixed With the 
adhesive, since the area of the sideWall portion of the insulat 
ing member Which is processed by release treatment is 
increased, a release force With respect to the coating material 
is increased, and as a result, a more preferable effect can be 
obtained. Furthermore, even When an adhesive mixed With a 
release agent beforehand is not used, after the tape is formed, 
for example, an adhesive may be impregnated With a release 
agent diluted With a solvent such as toluene. In addition, When 
a knoWn silicone adhesive containing dimethyl silicone as an 
impurity is at least used for the adhesives 414 and 416, the 
same effect as that described above can be obtained since the 
adhesive may have its oWn release function. 
As described above, the photovoltaic cell of the present 

invention is a photovoltaic cell formed of the photovoltaic 
element provided With the coating ?lm thereon, the photovol 
taic element has the electrode portion having a thickness 
larger than the average thickness of the coating ?lm, and the 
thickness of the coating ?lm in contact With the electrode 
portion is equal to or less than the average thickness described 
above. Accordingly, When the surface protection coating is 
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dried for curing, internal bubbles are not generated therein in 
the vicinity of the electrode portion, and as a result, a photo 
voltaic cell having a superior appearance can be realiZed. In 
particular, by applying a knoWn release agent, antifoaming 
agent, or surfactant, Which has a function, for example, of 
reducing the surface tension so as to prevent the generation of 
bubbles, onto the electrode portion and the like, or by dispos 
ing a knoWn release agent or surfactant, Which has an effect of 
reducing the surface tension, on a part of the sideWall of the 
electrode portion of the photovoltaic element Which is in 
contact With the coating material, internal bubbles are not 
generated therein in the vicinity of the electrode portion, and 
as a result, a photovoltaic cell having a superior appearance 
can be realiZed. 

While the present invention has been described With refer 
ence to What are presently considered to be the preferred 
embodiments, it is to be understood that the invention is not 
limited to the disclosed embodiments. On the contrary, the 
invention is intended to cover various modi?cations and 
equivalent arrangements included Within the spirit and scope 
of the appended claims. The scope of the folloWing claims is 
to be accorded the broadest interpretation so as to encompass 
all such modi?cations and equivalent structures and func 
tions. 
What is claimed is: 
1. A photovoltaic cell comprising: 
a photovoltaic element plate; 
an insulating member provided directly on the photovoltaic 

element plate; 
a coating ?lm provided on an area of the photovoltaic 

element plate on Which the insulating member is not 
provided; and 

an electrode formed on the insulating member, 
Wherein the insulating member has a thickness larger than 

the average thickness of the coating ?lm, and 
a thickness of a part of the coating ?lm Which is in direct 

contact With the insulating member is smaller than the 
average thickness of the coating ?lm. 

2. The photovoltaic cell according to claim 1, Wherein the 
coating ?lm comprises a thermosetting coating material, and 
the thermosetting coating material before curing has a vis 
cosity in the range of from 1 to 50 mPa s. 

3. The photovoltaic cell according to claim 1, Wherein the 
average thickness of the coating ?lm is 0.5 mm or less. 

4. The photovoltaic cell according to claim 1, Wherein the 
coating ?lm comprises a coating material containing at least 
an acrylic resin. 

5. The photovoltaic cell according to claim 1, Wherein the 
coating ?lm comprises a coating material, and the electrode 
comprises a conductive foil body. 

6. The photovoltaic cell according to claim 5, Wherein the 
insulating member comprises an acrylic adhesive layer. 

7. The photovoltaic cell according to claim 5, Wherein a 
part of the insulating member located at a position higher than 
the average thickness of the coating ?lm has a loW Wettability 
to the coating material. 

8. The photovoltaic cell according to claim 7, Wherein a 
side surface of the insulating member comprises an agent 
causing the side surface of the insulating member to have a 
loW Wettability to the coating material, the side surface of the 
insulating member being located at a side of the insulating 
member Which is in contact With the coating ?lm. 

9. The photovoltaic cell according to claim 8, Wherein the 
insulating member includes a base plate comprising the 
agent. 

10. A method for manufacturing a photovoltaic cell having 
a photovoltaic element plate, an insulating member provided 
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directly on the photovoltaic element plate, a coating ?lm 
provided on an area of the photovoltaic element plate on 
Which the insulating member is not provided, and an elec 
trode formed on the insulating member, comprising: 

a step of forming the coating ?lm on a light receiving face 
of the photovoltaic element plate by applying the coating 
?lm thereon; and 

a step of heating the coating ?lm for curing While a part 
thereof in direct contact With the insulating member is 
being maintained such that it has a thickness smaller 
than the average thickness of the coating ?lm. 

11. The method for manufacturing a photovoltaic cell 
according to claim 10, further comprising a step of coating a 
side surface of the insulating member With an agent Which 
causes the side surface of the insulating member to have a loW 
Wettability to a coating material contained in the coating ?lm, 
Wherein the side surface of the insulating member is located 
at a side of the insulating member Which is brought into 
contact With the coating ?lm. 

12. The method for manufacturing a photovoltaic cell 
according to claim 11, Wherein the agent is a release agent 
contained in a mixed solution at a concentration of 0.1 to 30 
percent. 

13. The method for manufacturing a photovoltaic cell 
according to claim 10, further comprising a step of forming 
the insulating member of the electrode portion by slitting a 
tape comprising a base plate, Wherein the base plate and a side 
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surface of the insulating member comprise an agent Which 
causes the side surface of the insulating member to have a loW 
Wettability to a coating material contained in the coating ?lm, 
and Wherein the side surface of the insulating member is 
located at a side of the insulating member Which is brought 
into contact With the coating ?lm. 

14. A photovoltaic cell comprising: 
a photovoltaic element having a photovoltaic element 

plate; 
an insulating member provided directly on the photovoltaic 

element plate; 
a coating ?lm provided on an area of the photovoltaic 

element plate on Which the insulating member is not 
provided; and 

an electrode formed on the insulating member, 
Wherein the insulating member has a thickness larger than 

the average thickness of the coating ?lm, 
a thickness of a part of the coating ?lm Which is in direct 

contact With the insulating member is equal to or smaller 
than the average thickness of the coating ?lm, 

the electrode is provided outside of a poWer generation 
region of the photovoltaic element, 

the photovoltaic element has collector electrodes on the 
poWer generation region, and 

the coating ?lm covers the poWer generation region and the 
collector electrodes. 

* * * * * 


